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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention concerns reducing inter- 
nal combustion engine noise in automotive vehicles. 
[0002] Reducing engine noise has long been an ob- 
jective of automotive designers. One approach for re- 
ducing noise or certain sounds has involved electroni- 
cally generating cancelling noises in response to partic- 
ular sensed engine noises to reduce such noise levels. 
US-A-5 426 703 issued on June 20, 1995 for an 'Active 
Noise Eliminating System' and US-A-5 426 705 issued 
on June 20, 1 995 for a 'Vehicle Internal Noise Reduction 
System' relates to such systems. 
[0003] Some systems have used speakers to direct 
certain sounds into an enclosed space such as the pas- 
senger compartment of an automotive vehicle. Howev- 
er, the sounds are dispersed in the space such that the 
cancelling sounds are less effective at reducing certain 
noises or sounds than if the cancelling noises or sounds 
are concentrated to better neutralise the noise. 
[0004] Another example of a noise reduction system 
is shown in US-A-3 936 606, where a noise wavefront 
propagated externally to a coherent propagation means 
is detected by a microphone external to the propagation 
means, and used to generate signals for controlling a 
speaker within the propagation means which provide for 
noise cancellation. The system is used in gas turbine 
engines where the speaker is a modulated gas flow 
speaker, coupled to one or more bleed ports which sup- 
ply gas at one or more pressure offset from ambient 
pressure. 

[0005] US-A-5 446 790 relates to a device for cancel- 
ling noise produced by an engine. The device is located 
in a chamber off the air intake duct of the engine and is 
controlled by a control unit which senses the intake 
sound of the engine and its rotational speed. Map data 
are produced in accordance with the phase difference 
between the sensed intake sound and the desired intake 
sound for a different rotational speeds. The phase dif- 
ference data is used to drive at least one speaker to 
compensate for the sensed intake sound. 
[0006] GB-A-1 456 018 relates to a method and ap- 
paratus for attenuating a sound wave propagating 
through a fluid contained in a duct. The apparatus com- 
prises an array of sound sources which are located at 
differing positions in walls of the duct, each sound 
source generating a pair of sound waves designed to 
travel through the fluid in opposite directions. The array 
is controlled so that the sound waves generated thereby 
destructively interfere with the wave to be attenuated. 
[0007] US-A-4 665 549 discloses acoustic attenua- 
tion apparatus in which a silencer is utilised for passively 
attenuating an acoustic wave travelling in a duct. At least 
one cancelling speaker is provided in the silencer for ac- 
tively attenuating the acoustic wave. Each speaker is 
arranged in the duct such that the sound it produces 



travels in a direction transverse to or in the same sense 
as the direction of propagation of the acoustic wave. 
[0008] The performance of such systems, however, 
depends on the generated cancelling noise. 
5 [0009] It is therefore an object of the present invention 
to provide an active noise or sound reducing system that 
is more effective in reducing internal combustion engine 
noise. 

10 SUMMARY OF THE INVENTION 

[001 0] The inventor has determined that certain inter- 
nal combustion engine noises or sounds are propagated 
through the air induction system, and may include, for 

15 example, engine valve and combustion chamber noise, 
as well as the noise produced by inducing of air into the 
engine. Accordingly, the present invention, which is de- 
fined by the appended claims, comprises an air duct 
housing defining an annular space receiving the air 

20 passing into the air induction system. The center of the 
annular space is defined by the curved perimeter of a 
speaker enclosure, with a speaker coaxially mounted 
therein, facing upstream towards the flow direction of 
the incoming inducted air. 

25 [0011] A sound transducer such as a microphone is 
mounted to the speaker so that it is adjacent to the an- 
nular space and approximately within the speaker face 
plane to detect engine noises or sounds in the induction 
system. The microphone detects the sounds and gen- 

30 erates corresponding electrical signals that are phase 
shifted so as to be 180° out of phase from the engine 
noise signal and amplified. The amplified phase shifted 
signals power the speaker driver to create a cancelling 
noise or sound that interacts with the engine noise or 

35 sound emanating from the annular space. The cancel- 
ling sounds from the coaxially aligned speaker cone are 
absorbed so as to neutralize engine noise emanating 
from the annular space surrounding the speaker. 
[0012] The rear of the speaker enclosure is preferably 

40 covered and insulated to limit cancelling sounds from 
propagating through the air induction system so as to 
lessen the effects of out-of-phase components relating 
to the generated cancelling sounds. 
[001 3] An adapter transition duct section may also be 

<5 installed upstream of the speaker enclosure to allow 
connection to other air induction system components, 
such as the air cleaner, etc. 

[0014] The speaker enclosure may also be tuned by 
adjusting its length so as to enhance the speaker's per- 
50 formance in cancelling dominant or selected frequen- 
cies of engine noise. 

DESCRIPTION OF THE DRAWINGS 

55 [0015] 

Figure 1 shows the noise reducing system compo- 
nents according to the present invention together 
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with a block diagram representation of the engine 
and air induction system. 

Figure 2 is an end view of a frame component 
shown in section in Figure 1 . 

5 

DETAILED DESCRIPTION 

[0016] In the following detailed description, certain 
specific terminology is used for clarity purposes and for 
describing a particular embodiment of the system. How- 10 
ever, the particular embodiment is not intended to be 
limiting and should not be so construed since other em- 
bodiments may take different forms that are within the 
scope of the claims. 

[0017] As described above, the inventor has deter- is 
mined that noises and sounds propagate through air in 
the air induction system, which draws air into the engine. 
[0018] As shown in Figure 1, an air duct housing 10 
is configured as a curved wall, smoothly convergent 
main air duct housing section 12 having a small diame- 20 
ter end adapted to be connected to the intake manifold 
of an internal combustion engine 14. An auxiliary tran- 
sition section 16 may also be included, which has a di- 
vergent shape having its large end attached to or other- 
wise associated with a large diameter end of the main 25 
air duct housing section 12 by tabs 19 axially projecting 
from an outer rim 21 of a generally circular (round or 
oval) frame 1 8 attached to or otherwise associated with 
both structures. The transition section 16 provides con- 
venient connection to the upstream air induction system 30 
components 20, such as the air cleaner, etc. 
[0019] A speaker enclosure or assembly 22 is sup- 
ported within the large end of the main air duct housing 
section 1 2 by a series of tabs 23 projecting from an inner 
rim 24 of frame 18. The speaker enclosure 22 has a 35 
curved outer perimeter, generally shaped to follow the 
inner contour of the large end of the main air duct hous- 
ing section 12 so as to define a surrounding, annular air 
flow space 26 between the interior of the section 12 and 
the exterior of the enclosure 22. 40 
[0020] The duct section 1 2 and speaker enclosure 22 
may take various appropriate forms, including circular 
and oval shapes. 

[0021] The frame 1 8 shown in Figure 2 has four equal- 
ly spaced radial bars 28 supporting the inner rim 24 so 45 
as to allow adequate air flow into the annular space 26 
from the transition section 16. 

[0022] The speaker enclosure 22 is hollow and open 
at its larger diameter end facing the transition section 
1 6, whereat the annular space 26 terminates. A speaker 50 
30 is mounted to the rim 24 with suitable fasteners (not 
shown) received in holes 25 in the rim 24. The small 
diameter end of the speaker enclosure 22 is isolated by 
a solid plate 38 to reduce sounds from the rear of the 
speaker cone 32 that propagate to the downstream side 55 
of the speaker enclosure 22. A mass of sound deaden- 
ing material 40 is disposed forward of the plate 38 and 
to the rear of the speaker cone 32 to further reduce such 
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sounds. 

[0023] A microphone 42 or other sound transducer is 
mounted within the air induction flow path by attaching 
it to or otherwise associating it with the frame 18 so that 
it is located just upstream of the annular space 26, ap- 
proximately in the plane of the front of the speaker cone 
32. 

[0024] The microphone 42 generates an electrical 
signal corresponding to engine noise emanating from 
the annular space 26. The electrical signal is amplified 
in an audio broad band amplifier 44, the amplified elec- 
trical signal is input to the driver coil of the speaker 30 
to output sound from the speaker cone 32. This signal 
is phase shifted by 180° , such as by switching the input 
leads to the speaker or by electronic means (not shown), 
to produce an "anti noise" or cancelling sound. Since 
the speaker output sound is 180° out-of-phase with the 
engine noises or sounds, they are absorbed so as to at 
least partially cancel and reduce the engine noise level. 
[0025] The coaxial positioning of the speaker 30 with- 
in the annular space 26 and the positioning of the mi- 
crophone 42 in the approximate plane of the speaker 
cone 32 better reduces engine noises. Since the engine 
noise is confined within the annular region surrounding 
the speaker cone 32, the cancelling noises or sounds 
from the speaker are better absorbed to partially cancel 
engine noises or sounds so as to reduce them. 
[0026] The axial length L of the speaker enclosure 
may be adjusted or tuned to enhance the speaker per- 
formance in selected frequency bands of the engine 
noises or sounds. This may be done by setting the axial 
length L according to the following formula: 

L = (C/4fs)-1.9r, 

where C is the speed of sound in air at sea level (1120 
ft. per second (341 .38 m/sec)), fs is the dominant or se- 
lected frequency, and r is the radius of the speaker en- 
closure. 



Claims 

1 . A system for reducing noise produced by an internal 
combustion engine (14) having an air induction sys- 
tem (20), the system comprising:- 

a main duct housing (10, 12, 16) connected be- 
tween the air induction system (20) and the in- 
ternal combustion engine (14) for receiving air 
flow passing through the air induction system 
(20) and directing it to the engine (14); 
a speaker assembly (22, 30, 32, 38, 40) com- 
prising an enclosure (22) and a speaker (30, 
32) having a speaker cone (32) coaxialty 
aligned within the enclosure (22); 
a sound transducer assembly (42, 44) compris- 
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ing a sound transducer (42) positioned to gen- 
erate electrical signals corresponding to engine 
noises or sounds and an audio amplifier (44) 
connected to receive and amplify said electrical 
signals, the audio amplifier (44) having an out- 
put connected to drive the speaker (30, 32) with 
amplified signals phase shifted by 180° to gen- 
erate cancelling sound from the speaker (30, 
32); and 

a mounting frame (18) for mounting the speaker 
assembly (22, 30, 32, 38, 40) within the main 
duct housing (10, 12, 16) so as to provide an 
annular flow space (26) within the main duct 
housing (10, 12, 16) which surrounds a perim- 
eter portion of the speaker assembly (22, 30, 
32, 38, 40), the speaker assembly (22, 30, 32, 
38, 40) being mounted coaxially within the an- 
nular flow space (26); 

characterised in that the transducer (42) is 
associated with the mounting frame (18) to be lo- 
cated upstream of the annular flow space (26) ap- 
proximately in the plane of the speaker cone (32) 
and offset from the front of the speaker cone (32). 

2. A system according to claim 1 , wherein the enclo- 
sure (22) is hollow and has a closed end (38) and 
the open end faces the air induction system (20), 
the speaker (30, 32) being mounted within the en- 
closure (22) facing out of the open end thereof to 
face air flow in the main duct housing (10, 12, 16). 

3. A system according to claim 2, further including a 
sound absorbing material (40) located within the 
closed end (38) of the enclosure (22). 

4. A system according to any one of claims 1 to 3, 
wherein the annular flow space (26) terminates at 
the open end of the enclosure (22). 

5. A method of reducing noise generated by an inter- 
nal combustion engine (14) having an air induction 
system (20) which has a main duct housing (10, 12, 
16) which receives air flow into the engine (14), the 
method comprising the steps of:- 

a) mounting a speaker assembly (22, 30, 32, 
38, 40) within the main duct housing (10, 12, 
16) so as to provide an annular flow space (26) 
within the main duct housing (10, 12, 16) which 
surrounds a perimeter portion of the speaker 
assembly (22, 30, 32, 38, 40), the speaker as- 
sembly (22, 30, 32, 38, 40) comprising an en- 
closure (22) and a speaker (30, 32) having a 
speaker cone (32) coaxially aligned within the 
enclosure (22), the speaker assembly (22, 30, 
32, 38, 40) being mounted coaxially within the 
annular flow space (26) to receive all of the air 



flow passing through the main duct housing 
(10, 12, 16); 

b) mounting a sound transducer assembly (42, 
44) within the main duct housing (10, 12, 16) 

5 for generating electrical signals corresponding 

to engine noises or sounds, the sound trans- 
ducer assembly (42, 44) comprising a sound 
transducer (42) and an audio amplifier (44); 

c) amplifying the electrical signals; and 

10 d) driving the speaker (30, 32) with the ampli- 

fied signals which are phase shifted 180° so as 
to generate sound from the speaker (30, 32) 
cancelling engine noises or sounds; 

15 characterised in that step b) comprises lo- 

cating the transducer (42) upstream of the annular 
flow space (26) approximately in the plane of the 
speaker cone (32) and offset from the front of the 
speaker cone (32). 

20 

6. A method according to claim 5, further including the 
step of adjusting the axial length of the enclosure 
(22) to enhance speaker performance in a dominant 
frequency band of engine noise. 

25 

Patentanspruche 

1. System zur Verminderung des von einem Verbren- 
30 nungsmotor (14) mit einem Lufteinlalisystem (20) 
erzeugten Gerauschs, mit: 

einem zwischen dem Lufteinlaftsystem (20) 
und dem Verbren nungsmotor (14) angeschlos- 
35 senen Hauptleitungsgehause (10, 12, 16) zum 

Aufnehmen des durch das Lufteinlalisystem 
(20) durchtretenden Luftstroms und zum Zulei- 
ten zum Motor (14), 

einer Lautsprecheranordnung (22, 30, 32, 38, 
40 40) mit einer Einschlieliung (22) und einem 

Lautsprecher (30, 32) mit einem koaxial zur 
Einschlieftung (22) ausgerichteten Lautspre- 
chertrichter (32), 

einer Schallwandleranordnung (42, 44) mit ei- 
45 nem Schallwandler (42), der so positioniert ist, 

dafc er den Motorgerauschen Oder dem Motor- 
schall entsprechende elektrische Signale er- 
zeugt, und einem Audioverstarker (44), der so 
angeschlossen ist, dali er die elektrischen Si- 
50 gnale empfangt und verstarkt, wobei der Audio- 

verstarker (44) einen Ausgang aufweist, der so 
angeschlossen ist, dad er den Lautsprecher 
(30, 32) mit verstarkten, urn 180° phasenver- 
schobenen Signalen antreibt, um durch den 
55 Lautsprecher (30, 32) ausloschenden Schall zu 

erzeugen, und 

einem Montagegestell (18) zur Montage der 
Lautsprecheranordnung (22, 30, 32, 38, 40) in- 
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nerhalb des Hauptleitungsgehauses (10, 12, 
16), urn einen ringfdrmigen Stromungsraum 
(26) innerhalb des Hauptleitungsgehauses (1 0, 
12, 16) bereitzustellen, der inen Teil der P ri- 
pherie der Lautsprecheranordnung (22, 30, 32, 5 
38, 40) umgibt, wobei die Lautsprecheranord- 
nung (22, 30, 32, 38, 40) koaxial innerhalb des 
ringfdrmigen Strdmungsraums (26) angeord- 
net ist, 

10 

dadurch gekennzeichnet, daft der Wandler (42) 
mit dem Montagegestell (18) so verknupft ist, dafi 
er stromauf von dem ringfdrmigen Stromungsraum 
(26) annahernd in der Ebene des Lautsprecher- 
trichters (32) und von der Vorderseite des Lautspre- 1 5 
chertrichters (32) abgesetzt angeordnet ist. 

2. System gemafc Anspruch 1, wobei die Einschlie- 
Rung (22) hohl ist und ein geschlossenes Ende (38) 
besitzt und das offene Ende zum LufteinlaBsystem 20 
(20) hin liegt, wobei der Lautsprecher (30, 32) in- 
nerhalb der Einschlieliung (22) so montiert ist, daft 

er aus deren offenem Ende herausschaut, urn dem 
Luftstrom in dem Hauptleitungsgehause (10, 12, 
1 6) zugewendet zu sein . 25 

3. System gemali Anspruch 2, auBerdem mit einem 
schallabsorbierenden Material (40), das innerhalb 
des geschlossenen Endes (38) der Einschlieliung 
(22) angeordnet ist. 30 

4. System gemafi einem der Anspruche 1 bis 3, wobei 
der ringfdrmige Stromungsraum (26) am offenen 
Ende der Einschlieliung (22) endet. 

35 

5. Verfahren zur Verminderung des Gerauschs, das 
von einem Verbrennungsmotor (14) erzeugt wird, 
der ein LufteinlaRsystem (20) aufweist, das ein 
Hauptleitungsgehause (10, 12, 16) aufweist, das 
den Luftstrom in den Motor (14) aufnimmt, mit fol- *o 
genden Verfahrensschritten: 



tenden Luftstrom aufzunehmen, 

b) Anbringen einer Schallwandleranordnung 
(42, 44) innerhalb des Hauptleitungsgehauses 
(10, 12, 16) zum Erzeugen von den Motorge- 
rauschen Oder dem Motorschall entsprechen- 
den elektrischen Signalen, wobei die Schall- 
wandleranordnung (42, 44) einen Schallwand- 
ler (42) und einen Audioverstarker (44) umfaftt, 

c) Verstafken der elektrischen Signale, und 

d) Antreiben der Lautsprecher (30, 32) mit den 
verstarkten Signalen, die urn 180° phasenver- 
schoben sind, um durch die Lautsprecher (30, 
32) Schall zu erzeugen, der die Motorgerau- 
sche oder den Motorschall ausldscht, 

dadurch gekennzeichnet, dafc der Schritt b) das 
Anordnen des Wandlers (42) stromauf von dem 
ringfdrmigen Stromungsraum (26) annahernd in der 
Ebene des Lautsprechertrichters (32) und abge- 
setzt von der Vorderseite des Lautsprechertrichters 
(32) umfaRt. 

6. Verfahren gemali Anspruch 5, aufterdem mit dem 
Schritt des Anpassens der axialen Lange der Ein- 
schlieliung (22), um die Lautsprecherleistung in ei- 
nem dominanten Frequenzband des Motorenge- 
rauschs zu verbessern. 



Revendications 

1 , Systeme pour reduire du bruit produit par un moteur 
(14) a combustion interne ayant un systeme (20) 
d'induction d'air, le systeme comportant: 

un logement (10, 12, 16) de conduit principal 
connecte entre le systeme (20) d'induction d'air 
et le moteur (14) de combustion interne pour 
recevoir un ecoulement d'air passant par le 
systeme (20) d'induction d'air et le diriger vers 
le moteur (14); 

un assemblage (22, 30, 32, 38, 40) formant 
haut-parleur comportant une enveloppe (22) et 
un haut-parleur (30, 32) ayant un cdne (32) de 
haut-parleur aligne coaxialement a Pinterieur 
de I'enveloppe (22); 

un assemblage (42, 44) formant transducteur 
sonore comportant un transducteur (42) sonore 
positionne pour produire des signaux electri- 
ques correspondant a des bruits ou sons de 
moteur et un amplificateur (44) audio connecte 
de maniere a recevoir et amplifier les signaux 
electriques, Tamplificateur (44) audio ayant une 
sortie connectee de maniere a attaquer le haut- 
parleur (30, 32) avec des signaux amplifies de- 
cales en phase de 180° pour produire des sons 
d'annulation en provenance du haut-parleur 
(30, 32) ; et 



a) Anbringen einer Lautsprecheranordnung 
(22, 30, 32, 38, 40) innerhalb des Hauptlei- 
tungsgehauses (10, 12, 16), um einen ringfor- 
migen Stromungsraum (26) innerhalb des 
Hauptleitungsgehauses (10, 12, 16) bereitzu- 
stellen, das einen Teil der Peripherie der Laut- 
sprecheranordnung (22, 30, 32, 38, 40) umgibt, 
wobei die Lautsprecheranordnung (22, 30, 32, so 
38, 40) eine Einschlieftung (22) und einen Laut- 
sprecher (30, 32) mit einem koaxial zur Ein- 
schlielking (22) ausgerichteten Lautsprecher- 
trichter (32) aufweist, wobei die Lautsprecher- 
anordnung (22, 30, 32, 38, 40) koaxial inner- 55 
halb des ringformigen Strdmungsraums (26) 
angeordnet ist, um den gesamten, durch das 
Hauptleitungsgehause (10, 12, 16) durchtre- 
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2. 



3. 



un cadre (18) de montage destine au montage 
de I'assemblage (22, 30, 32, 38, 40) formant 
haut-parleur a I'interieur du logement (10, 12, 
16) de conduit principal de maniere a obtenir 
un espace (26) d'ecoulement annulaire a I'inte- 5 
rieur du logement (10, 12, 16) de conduit prin- 
cipal qui entoure une partie peripherique de 
I'assemblage (22, 30, 32, 38, 40) formant haut- 
parleur, ['assemblage (22, 30, 32, 38, 40) for- 
mant haut-parleur etant monte coaxialement a to 
I'interieur de I'espace (26) d'ecoulement 
annulaire ; 

caracterise en ce que le transducteur (42) 
est associe au cadre (18) de montage pour etre si- ts 
tue en amont de I'espace (26) d'ecoulement annu- 
laire approximativement dans le plan du cone (32) 
de haut-parleur et decale par rapport a I'avant du 
cone (32) de haut-parleur. 

20 

Systeme suivant la revendication 1, dans lequel 
I'enveloppe (22) est creuse et a une extremite (38) 
fermee et I'extremite ouverte fait face au systeme 
(20) d'induction d'air, le haut-parleur (30. 32) etant 
monte a I'interieur de I'enveloppe (22) faisant face 25 
vers I'exterieur de son extremite ouverte pour faire 
face a I'ecoulement d'air dans le logement (10, 12, 
16) de conduit principal. 

Systeme suivant la revendication 2, comportant en 30 
outre un materiau (40) d'absorption de son situe a 
I'interieur de I'extremite (38) fermee de I'enveloppe 
(22). 



30, 32, 38, 40) formant haut-parleur etant mon- 
te coaxialement a I'interieur de I'espace (26) 
d'ecoulement annulaire pour recevoir tout 
I'ecoulement d'air passant par le logement (10, 
12, 16) de conduit principal ; 

b) monter un assemblage (42, 44) formant 
transducteur sonore a 1'interieur du logement 
(10, 12, 16) de conduit principal pour produire 
des signaux electriques correspondant a des 
bruits ou sons de moteur, I'assemblage (42, 44) 
formant transducteur sonore comportant un 
transducteur (42) sonore et un amplificateur 
(44) audio ; 

c) amplifier les signaux electriques ; et 

d) attaquer le haut-parleur (30, 32) avec les si- 
gnaux amplifies qui sont decales de 180° en 
phase de maniere a produire des sons en pro- 
venance du haut-parleur (30, 32) annulant des 
bruits ou sons de moteur ; 

caracterise en ce que I'etape b) comprend 
I'etape qui consiste a placer le transducteur (42) en 
amont de I'espace (26) d'ecoulement annulaire ap- 
proximativement dans le plan du cone (32) de haut- 
parleur et decale par rapport a I'avant du cone (32) 
de haut-parleur. 

Procede suivant la revendication 5, comportant en 
outre I'etape qui consiste a ajuster la longueur axia- 
le de I'enveloppe (22) pour ameliorer le rendement 
de haut-parleur dans une bande de frequence do- 
minante du bruit de moteur, 



4. Systeme suivant I'une quelconque des revendica- 
tions 1 a 3, dans lequel I'espace (26) d'ecoulement 
annulaire se termine a I'extremite ouverte de I'en- 
veloppe (22). 
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5. Procede de reduction de bruit produit par un moteur <o 
(14) a combustion interne ayant un systeme (20) 
d'induction d'air qui a un logement (10, 12, 16) de 
conduit principal qui regoit de I'ecoulement d'air 
dans le moteur (14), le procede comportant les Sta- 
pes qui consistent a : 45 



a) monter un assemblage (22, 30, 32, 38, 40) 
formant haut-parleur a I'interieur du logement 
(10, 12, 16) de conduit principal de maniere a 
obtenir un espace (26) d'ecoulement annulaire 
a I'interieur du logement (10, 12, 16) de conduit 
principal qui entoure une partie peripherique de 
I'assemblage (22, 30, 32, 38, 40) formant haut- 
parleur, I'assemblage (22, 30, 32, 38, 40) for- 
mant haut-parleur comportant une enveloppe 
(22) et un haut-parleur (30, 32) ayant un cone 
(32) de haut-parleur, aligne coaxiatement a 1'in- 
terieur de I'enveloppe (22), I'assemblage (22, 
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